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We have investigated the kinetics of this reaction from 25 to 45° using NH4Br instead of ~4)2804. In addition to obtaining rate constants and a heat of activation, we have detennined the effect of ionic strength from ll = 0.01 M toll = 1.92 M and have identified the product as BE3Nrh· -2-
Experimental Section
Reagent grade ammonium and sodium bromide (dried at 85°) and analytical reagent sodium hydroborate (Ventron) were used. Anunonia was distilled from a sodium solution.
The reactions were carried out in a magnetically-stirred, glasslined 128-ml Parr general-purpose bomb. This was connected by high, pressure fittings to one side of a mercury-containing U-tube manometer.
The other side of the manometer was connected to a reference bomb containing pure liqui~ ammonia. The bombs were held in a thermostatted water bath, and the entire apparatus was enclosed in an air bath thermostatted at a temperature slightly above that of the water bath.
The reaction rates wen~. measured by reading the manometer with the aid of a cathetometer as a function of time.
The ammonia was first distilled into a separate bomb and weighed.
The amounts of NaBH~t , NH~tBr, and NaBr required to make a solution of predetermined ionic strength were then weighed out into the reaction bomb, and the ammonia was finally distilled into the reaction bomb.
Either the NaBH 4 or the NH 4 Br was always in at least a 9-fold excess.
After each run, the evolved hydrogen was Toepler-pumped into a gas buret and measured.
The pressures measured with the manometer corresponded to the partial pressures of hydrogen gas in the reaction bomb side. Rate
. constants were determined from plots of log I cPoo ---. Pt)/P~ -vs time.
The BNH 6 product was isolated by removal of ammonia on a vacuum line and extraction of the residue with ethyl ether. Evaporation of the ether left a wh;ite, crystalline solid which melted at 110-113° • 
Results and Conclusions
From log[P~ -P)/P~]-vs-t~e plots such as that shown in Fig. 1 , the reaction of NH~+ with BH~-was found to be first order in both NH~+ and BH~-. The second order rate constants calculated from the slopes of such plots for various temperatures are given in Table I . A log k-vs-1/T The higher rate constant and lower activation energy of the aqueous reaction may be due to the participation, in the aqueous reaction, of water molecules hydrogen bonded to the anmOn.itun ion.· A Grotthuss-type proton transfer such as the following may be.involved:
Because hydrogen bonding is relatively unimportant in liquid ammonia, the analogous mechanism in liquid ammonia is unlikely.
The Bronsted-Bjerrum theory of ionic reaction leads to the expression which was applied to rate constants measured at various ionic strengths at 30° (Table II) . Using the dielectric constant 5 of 16.5 for ammonia .. " ·,
